juvant into the two hind footpads. The injections were repeated three to four times with intervals of 4 weeks or longer between injections. Animals which developed indurated skin lesions more than 20 mm in diameter 24 hr after the intradermal injection of 0.05 mg HRP were used for this investigation (DTH animals).
The rabbits of the other group were injected with 2 mg HRP in incomplete Freund's adjuvant into the subcutaneous tissue of the neck and with 2 x 0.5 mg HRP (without Freund's adjuvant) into the two hind footpads.
This treatment was followed by three to four weekly injections with 2 x 1.0 mg HRP, each time, into the two hind footpads. Animals which showed no, or only very slight, skin reactions 24 hr after the intradermal injection of 0.05 mg HRP (NDTH animals) were used as controls to the DTH animals. The serum of both groups of animals contained antibodies to HRP, as indicated by 50-70% inhibition of peroxidase activity. Test for antibody in blood serum: A few days after each injection of HRP, the presence or absence of antibody in the blood serum of the rabbits was tested routinely by determining the inhibition of peroxidase activity (26). Three to five micrograms of HRP (Sigma, type VI) in 0.5 ml saline were added to a mixture of 0.5 ml 0.2 M phosphate buffer solution, pH 6.5, and 0.5 ml blood serum in a 10-ml volumetric flask, and the whole mixture was held for 1 
Cytochemical staining procedures:
The following staining procedures were applied to the formalin-fixed, frozen sections.
I. Staining for the antigen alone:
The tissue section was incubated for 3-5 mm in diaminobenzidine (DAB) and H,02 (13), in benzidine and H203
in 15% ethanol (30) or in 3-amino-9-ethylcarbazole and H202 (14). Nuclear staining with methyl green facilitated the identification of cell types and was applied in most cases.
2. Combined staining for the antigen and the antibody:
The section was held for 30 mm at room temperature in a solution of HRP (8 g/ml) in buffered saline (pH 7.0) and washed repeatedly with distilled water or buffered saline, and the intradermally injected HRP was visualized together with the HRP adsorbed to the sites of antibody in vitro by one of the staining reactions for HRP mentioned under (1) .
Staining for the antibody alone:
The intradermally injected HRP was inactivated completely by treatment of the tissue section for 15 mm at room temperature with absolute methanol containing 1% sodium nitroferricyanide and 0.2% acetic acid (29). The section was brought through graded alcohols to water, was treated with HRP in vitro as indicated under
(2) and was stained for the HRP adsorbed to sites of the antibody as indicated under (1 
5.
Double staining for the antibody to HRP and for acid phosphatase activity:
The method was described in detail previously (30) .
In brief, the tissue section was stained for acid phosphatase activity by the azo dye procedure of Barks and Anderson (2) in red, the injected (and endogenous) peroxidase was inactivated by methanol-nitroferricyanide-acetic acid as indicated under (3), the antigen was adsorbed to sites of antibody in vitro as indicated under (2) and the adsorbed peroxidase was stained in blue by an improved procedure with benzidine in 15% ethanol (30).
RESULTS

Localization of the antigen:
Antigen in phagolysosornes:
In the dermis of untreated rabbits, endogenous peroxidase activity was observed only in a few granulocytes and in erythrocytes (hemoglobin).
The endothelial cells and fibroblasts sometimes showed a weak, diffuse reaction for endogenous peroxidase activity in their cytoplasm.3 One, five and 24 hours after the intradermal injection of 50 tg HRP into untreated rabbits, the antigen was concentrated in the phagolysosomes of many cells. Among these, fibroblasts could be distinguished by their spindle shape and their cytoplasmic processes, macrophages by their large size, their ameboid shapes and their large peroxidase-positive granules and endothelial cells by their characteristic shape and location. Most of the antigen was taken up by macrophages ( Fig. 1 to originate by release from the collagen-associated dots and rodlets after enlargement ( Fig. 9 ; see also Fig. 18 ) as is discussed below. The number of free granular deposits was much decreased in the dermis of DTH rabbits 24 and 48 hr after the intradermal injection of HRP.
No free granular deposits were observed in the dermis of NDTH animals (controls).
Antigen reaction on cell membranes:
In the dermis of DTH rabbits, the surface membranes of some lymphocytes, monocytes and fibroblasts reacted for the antigen 5 hr after the intradermal injection of HRP ( Fig. 5 ). However, cells of the same type also reacted for the antigen on their surface membranes in the dermis of NDTH rabbits (controls) in biopsies taken 5 hr after injection. At 24 hr with DAB and H,O2. Note that the reaction product for peroxidase appears as "dots," "rodlets" and "strands" within bundles of collagen fibers.
Note also that the rodlets are enlarged in some areas (arrows), possibly preceding release (see Discussion).
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FIG.
3. Collagen-associated antigen and free granular deposits in the dermis of DTH rabbit 5 hr after intradermal injection of HRP.
Staining for peroxidase with DAB and H2O2. Note the peroxidase-positive dots and rodlets within bundles of collagen fibers and the strands coating the outermost surface of the bundles (arrows). Note also that some of the granular deposits are in contact with collagen. x 1120. Staining for peroxidase with DAB and H2O,. Note that peroxidase is present mainly in collagen-associated dots, rodlets and strands and in free granular deposits. A few cells containing HRP in phagolysosomes were located in lumen of blood vessels, in endothelial walls and in perivascular areas, as could be distinguished in the original preparation by nuclear staining with methyl green. Note also that the collagen-associated rodlets and strands are enlarged in some areas (arrow).
x 1120. FIG. 10. Antibody reaction on surface membranes of mononuclear cells in the upper dermis of DTH rabbit 24 hr after intradermal injection of antigen. Staining for HRP adsorbed to sites of antibody with DAB and H2O2 after complete suppression of injected HRP with methanol-nitroferricyanide-acetic acid. Note that many cells showing surface staining are located close to collagen (arrows). Note also the reaction for the antibody in the cytoplasm of a few mononuclear cells (broken arrows), the fibrillar disintegration of collagen and the strong antibody reaction of the epidermis. x500. 
Aggregation of mononuclear cells showing the reaction
for the antibody to HRP on surface membranes in upper dermis of DTH rabbit 24 hr after intradermal injection of antigen. Staining for peroxidase adsorbed to sites of antibody and suppression of injected HRP as indicated in legend for Figure 10 . Note the location of many cells close to collagen, the fibrillardisintegration of collagen (at right) and the apparent loss of staining of collagen-associated cells in some areas. x 1120. of cells is probably due to the antibody reaction, although the reaction for the antigen may have contributed to a minor extent. Note that monocytes (macrophages) can be distinguished from lymphocytes (arrows) by the presence of large phagolysosomes. x 1120.
FIG.
15. Antibody reaction in collagen-associated dots, rodlets and strands and in free granular deposits in dermis of DTH rabbit 5 hr after intradermal injection of HRP. Staining for peroxidase adsorbed to sites of antibody with 3-amino-9-ethylcarbazole and H202 after complete suppression of the intradermally injected HRP. Note that the reaction for the antibody, although weakened by the inhibitor treatment, is clearly visible within bundles of collagen fibers and that it is more intense in the strands coating the outermost surface of collagen (arrows). Note also that many antibody-positive granular deposits appear to be in contact with the collagen. Compare with control preparation shown in Figure 13 . x 1120. Figure 10 . Note that the antibody reaction occurs mainly in free granular deposits and in association with collagen and that not many cells containing antibody in phagolysosomes seem to be present.
x 1120. 
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FIG. 18. Antibody reaction in collagen-associated enlarged granules in dermis of DTH rabbit 5 hr after intradermal injection of HRP. Staining for the HRP adsorbed to sites of antibody after suppression of intradermally injected HRP as indicated in legend for Figure  10 . Note that the antibody-positive enlarged granules seem to develop on the outermost surface of bundles of collagen fibers. Note also that the dots and rodlets within the bundles of collagen fibers are weakly antibody-positive in some areas (arrow).
x 1120.
FIG.
19. Antibody reaction in phagolysosomes of cells resembling fibroblasts or endothelial cells in dermis of DTH rabbit 24 hr after intradermal injection of HRP. Staining for HRP adsorbed to sites of antibody after suppression of intradermally injected HRP as indicated in legend for Figure  10 . x 1120.
SKIN
REACTIONS TO PEROXIDASE
after injection, the surface reaction for the antigen was observed only in the dermis of DTH animals (Fig. 6) In skin reactions of DTH animals, a few lymphocytes showed a diffuse reaction for the antibody in the cytoplasm (Fig. 10 ) 24 and 48 hr after injection of HRP. Plasma cells reacting for the antibody were seen infrequently 1-2 days after intradermal injection but they were numerous after 4-7 days.
Antibody reaction on cell membranes:
In skin reactions of DTH rabbits, the surface membranes of many small and medium sized lymphocytes and those of monocytes were antibody-positive. Most of these cells accumulated in areas of tissue injury in the upper dermis.
The number of surface-positive cells increased from 1 to 5 hr and was considerable at 5, 24 and 48 hr after the intradermal injection of by the presence of large peroxidase-positive phagolysosomes, and lymphocytes could be recognized by their large nuclei, thin rim of cytoplasm and absence of peroxidase-positive phagolysosomes (except a few very small ones, in some cases) ( Fig.  14) . Five, 24 and 48 hours after the intradermal injection of the antigen into DTH rabbits, surfacepositive lymphocytes and monocytes were often aggregated with each other in the upper dermis, or they were in contact with the antibody-positive surface of collagen (Figs. 10, 11 and 17 ).
Collagen-associated antibody:
The collagen-associated dots, rodlets and strands described above as containing antigen also reacted for the antibody 1 and 5 hr after the intradermal injection of HRP (Fig.  15 ). The reaction was marked especially in areas surrounding blood vessels (Fig. 16 ). In such preparations, the association of antigen-antibody complexes with collagen fibers could also be demonstrated by double staining for the antigen and the antibody in contrasting colors. At 24 and 48 hr after the intradermal injection of HRP, the reaction for the antibody in the collagen-associated dots and rodlets was very weak in most areas of the dermis.
The outermost surface of bundles of collagen 1,bers showed a strong reaction for the antibody in some areas of the upper dermis beginning 5 hr after the intradermal injection of HRP into DTH rabbits ( Figs. 15 and 17) . No similar location of the antibody was observed in the dermis of NDTH animals (controls). As was mentioned above, surface-positive cells were often aggregated close to collagen in areas of tissue injury (Figs. 10 and 11). In some of these areas, the collagen showed fibrillar disintegration (Figs. 10 and 11). In other areas, a small space around each cell separated the cell from collagen, and the lymphocytes and monocytes seemed to have lost their reaction for the antigen or the antibody (Fig. 11) .
In the dermis of DTH rabbits, the collagen was often stained diffusely for the antibody before and after the intradermal injection of HRP (Fig. 14) . After treatment with the peroxidase inhibitors, the "background" staining was decreased so that the antibody reaction in other parts of the dermis stood out more strongly.
The background adsorption of HRP to collagen was much less intense in the dermis of NDTH rabbits (controls), and no HRP was adsorbed to collagen when sections of nonimmunized rabbits were treated with HRP in vitro.
Antibody reaction in free granular deposits:
The granular deposits described above as containing antigen also reacted for the antibody after complete suppression of the injected HRP.
The reaction for the antibody in the granular deposits was marked at 1 and 5 hr after the intradermal injection of HRP reacted intensely for the antibody when the granules were located at the outermost surface of bundles of collagen fibers (Fig. 18) . The presence of antigen-antibody complexes in granular deposits could also be demonstrated by double staining for the antigen and the antibody in contrasting colors. As mentioned, no free granular deposits were seen in the dermis of NDTH rabbits (controls).
Antibody reaction in phagolysosomes:
In skin reactions of DTH rabbits and, to a lesser extent, in the dermis of NDTH rabbits, the reaction for the antibody to HRP was positive in phagolysosomes of some macrophages (monocytes) and fibroblasts 5, 24 and 48 hr after the intradermal injection of HRP (Fig.  19) . containing complexes were present in the upper and lower dermis (Fig. 19 ).
Antigen and antibody in areas of blood vessels: A
strong reaction for the antigen, for the antibody and for antigen-antibody complexes was seen in the endothelial cells and in areas surrounding blood vessels of DTH rabbits ( Figs. 9 and 16 
